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ABSTRACT

A A -displacement solution for the calculation of structural influence
coefficients (SIC's) is presented, The formulation utilizes the lumped
parameter approach that is consistent with gollocacion flutter solutions,
The structure is synthesized as concentrated mass elements connected by
massless elastic plates and/or beams., There are two methods of generating
the mass matrix; they are: 1) lumped concentrated mass points, 2) consistent
mass matriées: Along with the calculation of the .SIC's, the natural
vibration modes and frequencies are calculated, There are two options
for punching out the flexibility matrix for use in subsequent COFA computer
programs. Option 1, punches out the full flexibility matrix; Option 2,
punches out the reduced flexibility matrix eliminating the rows and columns
pertaining to structural attach points,
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1.0  INTRODUCTION

In order to determine the aercelastic behavior of & wing or control surface,

it is necessary to know the aerodynamics, elastic properties and masa distribu-

tions of the structure. The overall aeroelastic analysis is usually divided into foug?

separate partz as shown in Figure 1,

Mass » Stiffness
Distribution }§ Distribution

Aerodynamics

Flutter
Speéds

Figure 1. Analysis Procedure

This portion of the report describes the computation of the mass and
stiffness distribution. The geometry of a wing or tail surface is too Eémplex
for the successful use of closed form analytical techniques. Therefore, a
rumerical type of analysis must be used. The end product of this analysis 1is
the generation of overall influence coefficient and mass matrices referred to
a set of node points arbitrarily picked on the surface of the structure. The
finite clement method (see Refs. 2 and 3) was used to form the required matrices
for a planar structure. This technique is especially suited to solve complex
structures and as used in the analysis 1is general enough to handle the following:

1. Combinations of beam and plate elements

2. Arbitrary boundary conditions

3. Lumped or distributed stiffnesses and masses
A discussion of the theory and computer projram which calculates the influence
coefficient and the mass matrix as well as the structural modes and frequencies

is given in the following sections.
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2.0 NOMENCLATURE ,

C‘ = Unknown Boundary Constants ]

D‘ = Plate Ridigity Constant ¥; ;
E = . Modulus of Elasticity ' T 1
F = Force « ' '

K = Stiffness Coefficients ’

M = Bending/Torsional Moment .

P = Pressure B

T = Coordinate Transformation

t = Thickness )

v = Linear Displacement in gz direction 1 ,

X, ¥V, 2 = Coordinate Axes

st = Linear Displacement ::
) . . g

4032 = Curvature - ‘g’
e = Density &4
T = Stress T ;
Vo= Poisson's Ration

._9_9 = Partial Derivative -
= Square Matrix
Column Matrix

= Row Matrix :

L—- \/Nl-_..)\,.
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3.0 TECHNICAL DISCUSSION

3.1 Influence Coefficients

The stiffness method Qpproach is first used to obtain an overall stiffness
matrix of the structure. This matrix is rsduced by partitioning and then in-
verted to obtain the influence coefficients at any desired set of control points.
The number of control points are denoted by N. At each node, ‘three degrees of
freedom are specified: two rotations and the normal diSplécgment. Therefore,
a stiffness matrix of approximately 3N degrees of freedom is first formed by
superimposing individual plate and plane grid beam element global coordinate
matrices. The matrix will be somewhat smaller than 3N degrees of freedom since
boundary restraint conditions will reduce the size of the matrix. To illustrate
the matrix condensation method used in the computer program, we will assume that
we have N control point normal displacements and M displacements which must be

eliminated. The overall stiffness matrix is given as

k}VN I(Nhl

LQMN kSMM

The structural equilibrium matrix equstion can be written as

(2)

r kQVA( kthf J& F?V
KM N KM M ' J‘M FM
3

K] = (1)
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We now assume that forces at the points toc be eliminated are small and can i
be neglected. Therefore,
s K., K. (4 F
; [ ‘NN NM N N 3 E A
- = [} ;
K i g
| v Ko ] % 0 i

or

[KNN}{JN} + [KNM]{JM} - {FN}

T [ealfAd e [Kal{ 44 - o]

g mewy MY

;ﬂ Therefore 3
< . *
{ouf = =[Kome] [Fun]{ 50 S
- and E %
(Tk - ( f
([ - [l 5] [5un]) {641 - {5 |
3 a2nd since : ]
3 [KMN] = [K NM J | B
2 we have = ! 4)
f : o - r 17 74 ) ( - | 3 A
(51 (1]~ o] o] Tl] 15
- If we now let ; ] T IR y . ]
, [ = (%] = (K] K] [Kn]) P
:; ‘ then Equation (4) can be written as . 3

, ;. 7 L

s - X 5) . :
L | 190} ] {F4] @ -
o

!
‘: s The matrix fN.N is called the structural influence coefficient matrix,

The application of loads at the control points yleld displacements at the
, control points by carrying out the matrix multiplication indicated in f
f Equation (5). ' N q
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The computer program FLUENC carries out the required operations to obtain
the influence coefficient matrix [fNN] . A detailed -description of the program
can be found in Section 4.0, The program is written to form a 50 x 50 influence
coéfficient matrix. The influence coefficient matrix is punched out on cards in
a format compatible with the Collocation Flutter Program.

The plane grid beam global coordinate stiffness matrix used in the proéram
was obtained from Reference 1 and is given in Table 1. The local and global
coordinate systems are shown in Figure 2. The figure also contains the sign
convention for the six dezrees of freedom for each element.

The triangular plate stiffness matrix given in Reference 2 was used in the
computer program. The plate element can be materially or geometrically ortho-
tropic as treated in Reference 3. Stiffened plates can be considered to be
geometrically orthotropic. The sign convention and nodal degrees of freedom are

shown in Figure 3.

z' parallel to z

x', y' - follows principal
axes of material

- angle between x' and
X axes

L4

Figure 3. Orthotropic Triangular Element
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Following the analysis given in Reference 2, che deflection shape of the
plate element is assumed to be of the form

w = C, 1 Cx+ Ciy + C‘,’R'l“ Cf'xj * Ca.‘f"
FCon®e Co(ay™s 27y) + Gy g’

or (6)

w = [N]{C}

The unknown constants Cl, 02’ com, C9 can be written in terms of thes nodal

displacements 51, !2’ -—-, 59 by using the boundary conditions
w = 8§,
ac 770, 4= 0 9w/9;=- S,
ﬁw/ dx = - 4,
wnr o= 54
at X0, y=h. 'Qw/?;u $¢ ™
1 QW/QW Ll S‘
w = &,
ak WKy, 43 9u~/9;:= ds
Diuy/:‘)/ - S}

Using Equation (6) in conjunction with the boundary conditions given by
Equation (7) yields

Y
ey Wvamcy 0 mewsy onmy 0 e taawg Dl DN GONNE DO UMY mmEa bewsws

( (S, '\ — A ¢ h
3, Ce
94 C
o “ 4 (1)
«55 = C J
5, .
‘;; : Cy
8 s
S L <y

"1
|
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| 1
1 o 0 0 0 0 o 0
o 0 1 0 g 0 0 0 o §
0 -1 ! 0 0 ) o 0
1 6 y, 0 8 v, o 0 7, g
0 0 1 0 0 29, 0 0 3y,%
vhere € =145 o o -y, O 6 ~¥,2 o
R T 2 W £ S 2 e e vy i
(] ] 1 ¢ %9 2y3 O 2x3y3+3:32 3y32
G ~1 0 ~2x4 ~¥3 G -3x:32 - (y32~?-2x;§y3) G g
3 i

The constant vecter {c} can be obtgined in terms of the nodal displace-
ments by inverting the matrix [c] - Therefore,

fe3- 1§

The curvatures for & flat plate element are given by

MR BEER WS PR

€y 3 95w/¢);x”
fef= e 1= oe/o
€xy 2 3w/ 22y

Substituting Equation (6) into Equation (10) yields

[ ¢ <]

P Y
[2
[N
i
—_~
-
=]
frosm— wamg  Saey

where

0 ¢ 0 -2 0 0 @ -tx =27 o i
[(,)] = a o 0 o 0 -p ®) 2% oY
0 0 0 ¢ -2 0 O ”(42‘4’4‘\(- o l
Substituting Equation (9) into Equation (1l) yields l

Q

. r - -'I (
«ef~L;J[C]{5}=[B]§’} ool
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1f inicial scrains are neglected then the moent-curvature relation-
ships can be wricten ia the form

M,
fr)= Am, t = [01{e] (a3
My,
where
D, D, 0
o] =1 L, b, © (14)
L 0 0 Dy

for a materially or geometrically orthotropic plate. For an isccropic plate
Equation (14) reduces to

¢

i y—

- (15)
2(1- v

0 o 1~z

The [D } matrix must undergo a transformation if the principal axes of
the material do not coincide with the local coordinate axes. The components
of strain in one coordinate axes system are related to the components of strain

in another coordinate axes system by the matrix equation

{el} - [T]T{E} (16)

(The prime refers to the components of strain relerred
to the x'-y' axes in Figure 3)

where

T Cosxﬁ .wu'/’ -2 *‘.tn/.’ C'vt.'./S
[ ] t 25 /% VENTTIS ENRYA]
| T = | sn’p3 cos /2 J gt oo, an
. 2 4ol
sm,B COS/S’ . .wn/i Cm/.{ €0 , ANV ,!
9
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Since the internal work is constant no matter which coordinate sysiem

is used

]
Oy
Q
St

~
PPy
m
(U

T
{=1 {e'}
ov by Equation (13)

fe'} o e]

and by using Equation (16)

(V1710171 e} = {e} [0] { €}

Therefore

i
O Ay
m
Mgt

~
| Summennat §
o
S
o~
M
St

(p]= 710’171 -

=

The stiffness matrix for a typical element (1) (D @) 1is given by
[H=QTMTDHB]#@-
(k1= [T ([ (oY (711217} 0] arety)[c]
fow let A

(51 = [[1e) 71011 [9] drety

and carrying out the indicated matrix multiplications ylelds

Dl = see Table /) dyd:
[ ] {/( acie Y

10

-1

an't

(20) _

(21)

(22)




In order to simplify the integration required for evaluating the matrix
in Equation (22), it is suggested in Reference 2 that the independent variables
be changed as shown in Figure 4. ’

p :
! | 1
/‘// % constan? ;
@ /__5° / A7, 1 93) b
(0 ) +
4 92 § - (ans‘fanf' f

pelp-——— 7

0] -
(9,9)

Figure 4
Coordinate Transformation

The relationships

§(1-m)wx
sl(1-2)9:+74. ] 3

X
9

are used for the change of variables. The terms in Equation (22) can' now

be evaluated by using the relationship

I {x" y"') = ﬂ ;t’mg" dx dy

-Z(,}ml yﬂ) - jf ,1/"’.9"‘ J—(ﬂ,/y)‘ ('/ﬁ' 1/7 (2[‘)
where gz ‘3?
: 5 7
J(z,9) = ) 3 (25)
21 4.
95 I
11
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Substituting Equation (23) into Equation (25) yields

a v e At A~

T(x,9) = §2 9, (26)

Substituting Equations (23) and (26) into Equacion (24) yields

Z(x" 9") = ” 5'""’( -2)" [ (- %) 95 !

-

Cn e e i A
-

§ (27)

E * 4{9& J 4?5 fyi a@; aa?

] which can easily be evaluated for any m and n. i

; 3.2 Mass Matrix ;
éi D'Alenbert's principle can be used for the formulation of the mass l 1
; matrix. If masses are attached to the nodes of the structure, then the &
nodal dynamic forces are l .

a*{sf ey
(7=l 2 1
Py where | [M, y 0 l
[M] [ N |

) (29;I
0 Mh 3

il

2T is a diagonal matrix., The mass of beam and plate elements are usually dis- i :

tributed throughout the structure. Therefore, the distributed pressure |
. !
loading can be written in the form , i

4 ' 3
6/ w (30)

[T b
Substituting Equations (6) and (9) into Equation (30) yields '
' - i “le :
j ‘ - -pn][c]{d]
-p LRI{ &) o

where . l

N
!

)

b e —————— e - PSR- L e -
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Since the equivalent element nodal forces can be computed from

e ensaon
(P} = - [[R)Tp ¥
7] Z[R]T[R]pdl/} {51
uecetore the elessnal consistent mase saeci 1 given by

[m]) = J[R1[R] o a¥

The consistent mass matrices given in Reference 2 (see Tables 3 and 4)
are used in the computer program.

Once the elemental consistent mass and/or lumped mass matrices are
computed, then the overali natrix is obtained by following the same technique
as used in assembling the overall stiffness matrix.

The overall mass matrix is reduced by using Equation (3a). We again
assume that we have N control point normal displacements and M displacements

which must be eliminated: The overall mass matrix can be written in the form

[M] - MNN M;VM

MMN M'MM

and the displacements

13
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From Equation (3a) we have

“ K] [ K ] {54

{4}

-Since the virtual work of the reduced mass system must equal the virtual

work of the true mass system

- {a5,17 [M1{4]= - {as) M] {5

where

PR A

kit

.

{AJN} = virtual displacements of control points E
{AS'S } = virtual displacements of complete system !

[A4,] = overall rediced mass matrix

Equation (37) can be rewritten in the form

PSR S SNV P ST PUN ¢ SS S S

Lo,

b et

$

M
Substituting Equation (3a) into Equation (38) yields

i
i
{A5~§T[M,]{c§;v} - [45: ASA: ][MJ Sy (383
i
B

(as, m]{53=(as,) [7 - [Kud[ka] ] 1]

which yields the result

M| = [1 "‘[Kw][Kw]-'J[M] (Ko '[K,,,,'I

The reduced mass matrix given by Equatior (39) 48 calculated in the ‘

(39

N |

I |
)

[

computer program.

14
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3.3 Modes and Frequencies

Since the design engineer may find it useful to know the mode shapes
and natural frequencies of the structure, this information can be obtaired
by using the NM@DE option in the computer program. If no external forces
are present then the reduced mass and influence coefficient matrices are

related to one another by the relationship

[£.]7 88 = - [m]{5)

For determining natural frequencies, the deflections {Jﬂ} can be
written as

(5,} = {4} sint

Substituting Equation (41) into Equation (40) yields
oy .
[f] {8} o [M]{4]

The solution of Equation (42) yields the natural frequencies, (¢« , and

the mode shapes {50} . Since (-fN'N]-l and [Mr] are both symmetrical
matrices, the mass matrix [Mr] can be triangularized

(M) =[] ]’

where

4, 0 0aasp
Z, 4, o. .
|
\

~ !

S

3 ., S 1
~ N O
‘Zﬂl oo 0T ‘(hn N

[L] -

Substituting Equation (43) into Equation (42) yields

[ {8) = @ [L][] {55

9

(40)

(a1)

(42)

(43)
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[Z— ]_-’ ['FNN}—! { 50} =w* [/-] T{ éo} | (44)

[ ()= T3]

Equation (44) may be written

TTLT TRl

or

[A]{S,}= w"{S,} 45)

where [A ] - [ L ]-l [: fNNJ-'[ LT]_,I
B3-[e]7{8]

An eigenvalue subroutine using the Givens method was used in the

computer program package to solve Equation (45). The Givens method 1is
fully described in Reference 4.

Note that the dynamical matrix [A] in the form described above is real
and symwvetric which is required by the Givens method, Conveniently,

[L] and [LT] are in triangular form which i{s used in the computer program
package to save core storage space,
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4.0 PROGRAM DESCRIPTION -
i

Computer program FLUENC wrigten in FORTRAN IV carries out the operations
set forth in Section 3.0 for genérating the structural influence coefficients
and mass matrices required by the Collecation Flutter Program, Briefly, the
structure is assumed to be representable by a planar network of beams and.
triangular plate elements connected at discrete joints. At each joint, if
there are no restraints, the program assumes three degrees of freedom; that.
is, one displacement normal to the plane of the structure and two rotations,
The program first synthesizes the stiffness and mass matrices for the entire
structure including all degrees of freedom from the data input for the beam and
triangular plate elements and from the restraint information input for the
joints, It then reduces the stiffness and mass matrices by eliminating all
the rotational degrees of freedom and leaving only the normal displacements.
As a final step, the program inverts the reduced stiffness matrix to obtain
the influence coefficients,

Other features of the program jinclude the option to compute lumped masses
or to compute the consistent mass matrices for the beam and triangular plate
elements or both, Also, the triangular plate elements may have either
isotropic or orthotropic properties, There is an additional cption to expand
the reduced frequency matrix to include the degrees of freedom representing
the restraint joint (one joint on a movable surface; two joints cn a fixed
component). This is accomplished by adding one or two zero rows and columns
to the reduced flexibility matrix corresponding to the mass numbers of the
attach points involved.

In the sections that follow detailed instructions are given for the
preparation of input data and a description is given of the output illustrated
with several sample problems, Also included are listings and flow charts of
the program znd a discussion of the processing requirements.

4.1 Description of Program Input

The following instructions describe the input data, their physical units,
and the FORTRAN format they must be punched with. The input quantities' names,
all in capitals, are their FORTRAN names and, for reference, their equivalent
names in Section 3,0 are listed in Appendix D.

4.1,1 Title Card, format (12A6)

Two cards; any alphanumeric statement f{n columns 1 to 72,

17
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4.1.2 Problem Size and Control Information, format (715)

4.1.3

g e

Column 1-5}16-10;11-15] 16~20 21 ~25} 26'- 30 31-§
Name NJTS NR NBE NEE NM@DE MKEY NLUMP
NJTS = number of joints in structure (50 maximum)
NR = number of joints with one or more restraints
NBE = nqpumber of beam elements in structure g
NPE = number of triangular plate elements in structure
NM@DE = number of eigenvalues and eigenvectors desired (9 maximum) g
MKEY = 1. do not compute consistent mass terms for beam and/or
triangular plate elements
= 2. compute comsistent mass terms for beam and/or triangular i
plate elements
NLUMP = number of lumped masses input. Only lumped masses corres- i
ponding to the normal displacement at each joint may be
input,
Material Properties I

(a) Number of Materials, format (IS5)

NMAT =

Column

Name

o |

NMAT

number of materials for which properties are imput (10 max.)

(b) Properties, format (4E10.3)

Input NMAT number of cards, one for each material,

Column 1-10 |11 -20} 21 ~-30 7] 31 - 40

Name M(L) PR(1) GE(1) DENS (1)
YM(i) = Young's modulus of elasticity divided by 108; psi
PR(i) = Poisson's ratio
GE(i) = modulus of rvigidity; psi. If input as 0, it will be computed

from the following formula:
(i)
GE(L) =
2 [1+ Pr(1)]

DENS(1) = material density; 1b/1n3. Not requlred 1§ MKEY = |

18
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4.1.4 Joint Coordinate Cards, format (10X, 2E10.3)

4,1.5

4.1.6

Input NJTIS number of cards, one for each joint,

is assumed to lie in the x-y plane,

Also, the structure

Column 1 -10 11 - 20 21 - 30

Name m X(m) Y(m)

m = joint number (must be input consecutively starting with 1).
May be placed anywhere between columns 1 and 10

X(m) = x coordinate of joint m; inches

Y(m) = y coordinate of joint m; inches

Joint Restraint Information, format (415)

Input NR number of cards, one for each joint with one or more restraints.

Column 1-5 € - 10 11 - 15 | 16 - 20

Name JT Ml M2 M3
JT = number of joint having one or more restraints
Ml = O free in the z direction

= 1 fixed in the z direction

MZ = 0 free to rotate about the x axis
= 1 fixed about the x axis

M3 = 0 free to rotate about the y axis
= 1 fixed about the y axis

Lumped Masses, format (I5, 5X, E10.3)

?
Input NLUMP number of cards, one for each lumped mass.

Column 1-5 6 - 10 11 - 20

——— ——

Name JMASS blank RSMASS

JMASS
RSMASS

number of joint for which lumped mass Lis fnput

lumped mass, 1b,

If more than one lumped mass is input for a particular joint, the

program will sum the masses.

19
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4.1.7

4.1.8

Beam Element Properties, format (3E10.3, 31I5)

Input NBE number of cards, one for each beam element,

Column 1-10]11~-20 )21 -301) 31 ~45 | 36 - 40| 41 - 45

Rame AR X1 YJ MAT JINR JTFK

AR = area of beam cross section, in?
XI = moment of inertia of area, in4
Y] = effective torsional moment of inertia, int0

MAT = material code corresponding to one of the materials input
under paragraph 4.1.3.

JINR, JTFR = joint numbers at the ends of the beam element

Trigngular Plate Element Properties, format (E10.3, 5IS5)

Input NPE number of cards, one for each triangular plate element.

" omp— g -

Column | 1- 10| 11 - 15| 16 - 20 | 21 - 25 | 26 - 30 | 31 - 35

o m—

Name PTH MAT JTl JT2 JT3 NDX

— . -

PTH = plate thickness, in.

MAT = material code corresponding to one of the materials input
under paragraph 4.1.3

JTl, JT2, JT3 = joint numbers at the three corners of the triangular
plate

Restrictions:

a) The order of the joint numbers must be given in a clockwise
manner as follows: J73

y /

et
— JT2

JTi

b} The angle formed bg the edges of the triangular plate at
JTl must not be 90%,

NDX = O the plate has isotropic properties and the flexural rigldity
terms are computed from
YM(MAT) x PTH’

pre e 12{1-{pa(mr)]2}

Dl = 'Lm(m'r)] x DX
20
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Column

DX, DY, D1, DXY = flexural rigidity terms, in.lb.

BETA =

Y

L x

4,1,9 Option to Expand Reduced Flexibility Matrix

1 the plate has orthotropic properties and the flexural rigidity
terms are input by the next card [format (4E10. 3)]

1 - 10 11 - 20} 21 - 30 31 - 40 41 - 50

[ﬁﬂ DX DY 1)) DXY BETA 3

anglie betwesen material principal axes and the triangular plate
locel coordinates as shown below

Material Principal :
Axes 3

Triangular Plate Local
\ {V Coordinates

4 Wk Pt e iasti

Note:

data for any one particular case, whether or NOT the option

Column

Name

[tem

NCOD = 0 Option not executed

1f NCOD = 1,

Column

Name

Item

NR

NNE
NWO
NWO

The following card (NCOD) is alwsys required at the end of all input

is to be executed.
FORMAT (116)

1-6

NCoD
(1)

= 1 Option executed

the following card is required |

FORMAT (318)

i

1-8 9-16 17-24 : :
NR NNE NWO b
(1) (2) 3 5
Number of boundary points used (1 or 2) :

Mass number of first attach point
Mass number of second attach point, 1if NR = 2
0 or left blank if NR = 1

fnou ton
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To input more than one problem, the user need enly repeat the cards in

paragraph 4.1.1 through 4.1.8 for each additional problem.

4.2 Description of Program Qutput

The program prints out all the input data for every problem followed by
the solution consisting of the reduced upper right triangular stiffness
(1b/in), flexibility (in/1b) and weight (1b) matrices as well as the modes and
frequencies when these are requested ou the card in paragraph 4.1.2., The
stiffness, flexibility, and mass matrices that are printed/punched out only
contain terms that are assoc{ated with the normal displacement "z". This
is done so that when the flexibility matrix is used in subsequent collocation
flutter analyses only the easential degrees of freedom are included in the '
flutter analyses, Also, the matrices are reduced to eliminate control points
associated with fixed points (boundaries)., 1If it is desirable to include the
boundary points, it is only necessary to intersperse rows and columns of zero's

at the proper place in the matrices.. Immediately following the joint restraint

information in the output, the program prints out the coordinate numbers assigned

by the program te the normal displacements at each unrestrained joint, The
elements in all the reduced output matrices are ordered according to these

coordinate numbers,

In addition, the program punches out the entire flexibility and weight .

matrices row by row with the format (1P6El2,5) which is compatible with the input

requirements of the Collocation Flutter Program. Each punched matrix is identified

by a little card as the first card.

4.3 Sample Problems

To illustrate the use of program FLUENCE, three sample problems are in-

cluded in Appendix A, Each sample problem starts with a problem statement and is

followed by a listing of the input data and the output of the program., The flrat

sample problem is a simply supported uniform beam composed of five beam segmentn,

The second is a uniform cantilever plate divided into 72 trisngular plate
elements, and the third is a lumped mass and beam network simulating a misnfle

control surface,

22
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4.4 Processing Requirements

Program FLUENCE has been run on the GE-635 computer and it required about
31,000 cells of core storage. It is expected that the program storage require-
ment will be about the same on other digital computers. In addition to using
the input and output files, 05 and 06, which are standard for the GE-635 computer,
the program requires six other peripheral files, five of which are designated in
the program by the numeric codes 07, 08, 19, 10 and 11, and the sixth is the card
punch file. .

There is no general formula for determining the run time required for a problem,
but if & GE-635 computer is used, an estimate may be made from the times required
for the three sample problems in Appendix A, which are as follows:

‘Sample
Problem
. No.

No. of
Beam

No. of
Plate

Elements

Consistent
Magses

Computed |

Lumped
Masses

Input

No. of

Mcdes & Freqs
Co {uted_df_

f."r had

1 6 5 0 Yes No 4 0.0015
2 50 0 72 Yes No 9 0.0691
3 29 45 W) No Yes 9 0.0161

4.5 Program Listing and Flow Chart

In the event future changes are needed in the program, a listing of the program
is included in Appendix B. The program consists of a MAIN deck, 24 subroutines and
one function subprogram. MAIN has the function of reading in data, numbering the
coordinates (subroutine CPPRDN), generating the codes for assembling the stiffness
and weight matrices and calling the subroutines which develop the stiffness and mass
terms for the beam and triangular plate elements. When the entire stiffness a;d
weight matrices have been established for the whole structure, the MAIN program calls
a2 subroutine which reduces these matrices as discussed before and determines Lhe
modes and frequencies as well.

The 24 subroutines and one function subprogram can be divided conveniently fnto
five groups according to their function. The first group consists of those routines
that develop the beam stiffness terms; these are TRANS and BEAMK. The second group
consists of the routines which determine the beam mass terms; these are ''RANS and
BEAMM. The third group develops the triangular plate stiffness terms and these are
PLATEK, CMAT, MINV, DINMAT, MATMPY, DMAT, DBLINT and PLYMP. The fourth group deter-
mines the triangular plate mass terms and these consist of PLATEM, CMAT, MINV, DINMIM,
MATMPY, DBLINT and PLYMP, The fifth group'df subroutines reduces the stiffness and

23
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and mass matrices, finds the eigenvalues and eigenvectors and outputs the solution.

This group is comprised of EIGEN, VIVID, ZRPMAX, ZRUMAM, SYMINV, EIGMAT, BIGMAT,
LOgPL, LOGP2, LPPP3 and LYPPL.

Since the program listing is annotated extensively with comment statements,
no further explanatory remarks are given here for the progrem. However, to faci-
litate the understanding of the inéerrelacionﬂﬂplamong the many subroutines, a
flow chart of the entire FLUENC program is included in Appendix C.
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Three Sample Problems - Input and OQutput
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) Sample Problem No. 1
A Simply Supported Beam

"‘l.:'
nk:é::‘;!.
z
so’
) —~ — —
g;?L.._ Y S NP D
l ! i
> \ 1] 1
- . -t —
P / 2 3 # 5
/l/'
X ~ E = 106 psi
YV = 0.33
£ = 0.012 1b/in
A = 100 in?
I = 2 inl‘
J = 4 in4

Rt
“\\[ 134

Calculate first five vibration modes and frequencies using the consistent

mass matrix option,
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Program Qutput
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SAMPLE PROBLEM NO, la

Simply Supported Beam

Identical to Sample Problem 1 with the addition of lumped mass :
input at joint 3 and 4, i

Program Qutput
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